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ABSTRACT
We report detections of X-rays from HH 80 and HH 81 w ith the ACIS
instrument on the Chandra  X-ray Observatory. These are among the most
luminousHHsourcesintheopticalandtheyarenowthe mostluminousknownin
X-rays.TheseX-raysarisefromthestrongshocksthatoccur whenthesouthern
extensionofthisbipolaroutflowslamsintotheambien tmaterial.Thereisaone-
to-one correspondence between regions of high X-ray e mission and high H  
emission.TheX-rayluminositiesofHH80andHH81are 4.5and4.3x10 31erg
s-1, respectively, assuming the measured low-energy absorpt ion is not in the
sources. Themeasured temperature of the HH plasma is no t as large as that
expected from themaximumvelocities seen in theextend ed tails of theoptical
emissionlines.Ratheritisconsistentwiththe~10 6Ktemperatureofthe“narrow”
coreof theoptical lines.There isnoobservedemission f romHH80North, the
northern extension of the bipolar flow, based upon a measurement of lower
sensitivity.Weimagedthecentralregionofthebipol arflowrevealingacomplex
ofX-ray sources includingonenear, but not coincidentw ith theputativepower
source in theradioand infrared.Thissource,CXOPTMJ18 1912.4-204733,has
no counterparts at other wavelengths and is consistent in luminosity and
spectrumwithamassivestarwith AV ~90mag.Itmaycontributesignificantlyto
thepowerinputtothecomplex.Alternatively,thise missionmightbeextendedX-
raysfromoutflowsclosetothepowersource.Wedetect9 4X-raysourcesoverall
inthisareaofstarformation.

1. INTRODUCTION
Herbig-Haro objects are a new class of X-ray sources. Recent ly observers
detectedX-raysfromtwoHHobjectsassociatedwithproto stellaroutflows.These
are HH 2 (Pravdo et al. 2001) and HH 154 (Lynds 1551  IRS5, Favata et al.
2002). Thepositionsof theX-rays tell uswhere the sh ocks are strongest. The
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spectraoftheX-raysindicatethetemperaturesandthe elementalabundancesin
the shocked gas. The X-ray luminosities and morphologies of the emitting
regionsrevealthedensitiesoftheX-rayemittinggas.
HHobjectsareopticallyluminousknotsofmaterialfirst discovered~50years
ago instar-formingregions(Herbig1951,Haro1952, Reipurth&Bertout1997).
Anidentifyingcharacteristicistheirhighpropermoti onsoftenoppositelydirected
fromacentralpointoforigin.Itisbelievedthat youngcentralstarsorproto-stars
powertheoutflowsviajets.HHobjectsformatthesh ockfrontswhenjetmaterial
smashesintotheinterstellarmedium.Multi-wavelength studiesconcludethatHH
objects represent regions wherein shock-heated material co ols. The
characteristicemissionsintheserecombinationzonesinclude Balmerlines,[SII],
and[OIII]and indicatetemperaturesof10 4-105K(e.g.Böhm1956). In thecase
ofafewHHobjectswithhighexcitationandlowextin ctionsuchasHH1/2,radio
free-freeemission is alsodetected (Pravdoet al 1985) .Amissing ingredient in
this picture had been the detection of the T ~ 10 6 K X-ray emission expected
fromthehighvelocitiesofsomeoutflows.
In HH 2 the observed T ~ 10 6 K X-rays arise from a shock front that also
exhibits strongH    and radio continuum emission, and that is well downstre am
fromtheoriginof theoutflow(Pravdoetal.2001) .TheX-rays fromHH154are
consistentwithemissionfromashockatthebaseofitsprot ostellarjet,butmight
haveotherorigins(Ballyetal.2003).
Reipurth&Graham (1988) discoveredHH 80 and81. The seobjects are in
the “HH 80/81 complex,” an extended region nearRA =  18 h 19.1 m, Dec.= -20
52’. Martí, Rodríguez, & Reipurth (1993, hereafter MRR93) propose a unifying
structureforthecomplexbasedupontheirVLAobservat ions.Theysuggestthat
the central power source is IRAS 18162-2048, estimated i t to be a pre-main
sequence (PMS)starwitha luminosityof~10 4 L,and that it isassociatedwith
their VLA source 14 (hereafter MRR 14). In the words o f MRR93: “The
morphologicalcharacteristicsoftheHH80-81jetarever ysimilartothoseofjets
foundinassociationwithlow-massstars,exceptforbeing anorderofmagnitude
larger.Thisresultsuggeststhatthemechanismwhichpro duceshighlycollimated
jetsinyounglow-massstarsalsooperatesinnewbornmassi vestars,thousands
of timesmore luminous.”Thequasi-linearoutflowsexte nd5.0’ to thesouthwest
(HH80and81)and6.2’ to thenortheast (HH80Nor th), or 2.5pcand3.1pc,
respectively, at the nominal distance of 1.7 Kpc (MRR93 ).  These extents are
>10timeslargerthanthoseofotherknownoutflows,a ndareconsistentwiththe
higher luminosities in the optical emission (Heathcote, Reipurth, & Raga 1998,
hereafterHRR98).
TheHH80/81complexislocatedwithinthegiantmolecu larclouddiscovered
by Saito et al. (1999) that is a site of active star fo rmation. The cloud also
contains IRAS18162-2048=MRR14=GGD27-IRS (see§4 .3).GGD27-IRS
has been extensively studied in the infrared. Aspin et a l. (1991) and Aspin &
Geballe (1992) propose that it is a star formation reg ion and that several
intermediate-tohigh-massyoungstellarobjectsareresp onsibleforitsheating.
Wepresent the results of a Chandra observation of theHH80/81 complex.
Theobservation is focusedon thebrightHHobjects80 and81 in thesouthern
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extension of the complex, but it also includes observatio ns of the northern
extension, and of the central region believed to conta in the power source.We
use these to further understand interactions of protoste llar outflows with their
ambientmedium, the underlying cause of theHH phenom ena, and to discover
moreaboutthiscomplexgalacticregion.

2. THEOBSERVATIONSANDANALYSIS
We searched for X-ray emission from the HH 80/81 comple x in a 37.3-ks
Chandra  X-rayObservatory(Weisskopfetal.2002)observation onNovember4,
2002.BecauseweexpectedtheX-rayemissiontobepre dominantly<1keV,we
used theACIS-Sconfigurationwith theback-side illumi natedchipS3on theX-
ray“optical”axis.ACIS-Swasinthe“faint”datam odewith3.2-sframereadouts.
We examined data fromHH 80/81 on two chips: S3 and S 4 using the level 2
processed data (or equivalent on S3) with the standard definitions for good
events. For S3wemade charge-transfer-inefficiency (CT I) corrections supplied
byaproceduredevelopedatPennsylvaniaSateUniversi ty(Townsleyetal.2000,
Townsley 2003). S4 is a front-side illuminated chip an d the results of the
standardprocessingwereusedafter“destreaking”asdescribe din Chandra data
analysis system, CIAO Science Threads (CIAO 2003). Figure  1 shows the
filtered image of S3 and S4.We show the locations of the prominent celestial
regionsandsomesourcesdiscussedinthetext.
We performed positional, timing, and spectral analyses of these data. We
usedawavelet-basedsourcedetectionprogram(Freeman etal.2002)tolocate
X-raysourcesonS3inasoftband,0.2-2.0keV,andin ahardband,2.0-8keV,
andonS4 in the totalenergyband,0.4-8keV. We performedencircledenergy
analysis by examining the spatial distribution of detect ed sources around their
centroids.Weconstructedlightcurvestocheckforsourcev ariability.
Finally, we used XSPEC to measure the spectra of the detected sources.
Source counts were extracted from regions around sources t hat matched the
local point-spread function (PSF), and backgrounds were taken from nearby
source-free regions. The instrumental response matrices a re deemed to be
reliable>0.4keV,soweonlyexaminedspectrainthe range0.4-8keV.Above8
keVtherewerenosignificantcounts.Thespectralmode lsincludedthefunctions
“WABS” for interstellar absorption,andeither “MEKA- L” for a thermal spectrum
(Mewe,Gronenschild,& vandenOord1985)or a powerl aw for the continuum.
Toaccountfortheobservedquantumefficiencydecayof ACIS,possiblycaused
by molecular contamination of the ACIS filters, we app lied a time-dependent
correctiontotheACISquantumefficiencyimplementedi nXSPECwiththemodel
“ACISABS,” a model contributed to the Chandra  users software exchange
worldwide web site (Chartas 2003). Fixed default para meters were used for
ACISABSexceptthatthetimefromlaunchwassetat120 0days,appropriatefor
ourobservation.
We calculated the 1-    limits for spectral parameters by first allowing all th e
parameterstovarysimultaneouslytofindthebest-fit values.Thenaparameterof
interest was fixed and we stepped through different va lues of that parameter,
allowingall theotherparameterstovary.Thevalue of the interestingparameter
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whenchisquaredincreasedby3.5isthe1-   limitforafitwith3freeparameters
(Lampton,Margon,&Bowyer1975).
Wecheckedtheastrometricaccuracyofthedatabycomparin gthepositional
output of the source detection program with the positi ons of unambiguously
identifiedstellarcounterparts found in theUSNOB1ca talog.OnS3 therewere
34starslocatedwith1.5”ofsoftX-raysourcesand13sta rslocatedwithin1.5”of
hardX-ray sources.OnS4only3 starsare foundwithin 1.5”ofX-ray sources.
For the softS3 sources the averageX-ray-optical offset s are0.08±0.67” inRA
and0.11±0.59”inDec.ForthehardS3sources,theoff setsare0.21±0.45”inRA
and-0.16±0.67” inDec. InS4, theoffsetsare0.24±0 .53” inRAand-0.24±0.20”
inDec.TherearenosystematicoffsetsintheX-rayastr ometryfortheon-axisS3
andnotenoughevidencetomakeanycorrectionsforS4.


3. RESULTS
3.1X-raySources
Table 1 gives a list of the 94 X-ray sources in this regi on detected with at
least2-  significance.TheChandra(CXOPTM)sourceswerecompared withthe
USNOB1Catalog(Monetetal.2003)and the2MASSC atalog.Themajorityof
the sources are believed to be associated with stars and ste llar phenomena
found in star formation regions (SFRs, e.g. Ku & Chana n 1979, Feigelson &
DeCampli1981).The76S3sourcesconsist of 39 sourcesdete cted in the soft
bandonly,18detectedinthehardbandonly,and19 detectedinboth.Sixofthe
latter have higher count rates in the hard than soft b and. It is likely that the
apparent spectral differences are in many cases not intri nsic, but due to their
positions in the SFR—those sources on the near side of the  molecular cloud
(Yamashitaetal.1989)arelessabsorbedandappearsof ter.Anindicationofthis
is that 21 of the 24 sources that dominate in the hard  band also are in blank
optical/IR fields.However, sources associatedwithHHobje cts (see below) are
intrinsicallysofter thanstellarsourcessince theyarenot significantlyabsorbed,
yethaveweakornohardcomponents.TheS3countrates aregiveninseparate
soft(“s,”0.2-2keV)andhard(“h,”2-8keV)bandsinT able1,whiletheS4count
rates are given in full band (but listed in the “s” col umn with an “f” in the “h”
column,0.4-8keV). Typicalconversionsfromcountstoint ensity(unitsareergs
cm-2sec -1percountsksec -1)inthethreebandsare:3.1x10 -15,0.47-3.5x10 -14,
and 2.0 x 10 -14, for “s,” “h,” and “f,” respectively. The large range  in the
conversionvaluesforthe“h”bandisexemplifiedbybr ight,softsourcessuchas
SS365at the lowend,andhardsourcessuchasCXOPTMJ18 1905.4-205202
(seeTable2andbelow)atthehighend. Upperlimi tsfornon-detectionsare1.6
x 10 -16, (0.28-2.1) x 10 -15, and 1.7 x 10 -15 ergs cm -2 sec -1 for “s,” “h”, and “f,”
respectively.


3.2HH80and81
TheopticallybrightestHHknotsproduceextendedX-ray emission.The two
brightestknots,HH80AandHH81A,arethestrongestX- raysources.Figures2
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and3showtheportionsoftheACIS-S3imagescentered onHH80andHH81,
respectively, superimposed upon H    profiles (contours) from Hubble Space
Telescope (HST)archiveddata (WFPC2Associations2003) .Wealsoshow the
VLAsourcesfromMRR93.HH80AandHH81Aaredetected with46countsand
63counts,respectively. Inadditionwedetect theX-ra ysfromthesmallerknots,
HH80G,Hwith17counts,andHH80C,Dwith6counts.T heACISsources in
these fields are indicated in the figures and listed in Table 1.We constructed
encircled energy versus radius plots for HH 81A, HH 80A, and HH 80G/H to
measurethespatialdistributionsoftheX-rays(Figure 4).Wecomparedtheseto
twosuspectedpointsourcesnearby,CXOPTMJ181901.8-2052 42=SS365and
anewX-raysource,CXOPTMJ181905.4-205202(HARD),in Figure2. SS365
is a V=12.5 weak-H    emission-line star, estimated to have spectral type A0
(Stephenson&Sanduleak1977).Thespatialprofilesof thesetwoarestatistically
alikeandindicativeofthenearon-axisACIS/ Chandra PSF.TheHHobjectshave
distinguishably flatterspatialprofiles thaneitherof  the twocomparisonsources,
indicating that the HH X-ray emission is extended. The HH 80A and HH 81A
distributionsdifferfromthepointsourcesat>99%con fidenceusingtheK-Stest.
ThelowercountsinHH80G/Hreducethisconfidencet o97%.
We constructed light curves with the data in 5000-s bins . There were no
indicationsofvariabilityfromanyoftheknots.
Weexamined eachof the spectra from theHH 80 and81  knots and found
themtobeconsistentwitheachother.Thereforetoachi evethehigheststatistical
accuracywecombined thedata fromall theknots toconstr uctacompositeHH
80/81spectrum.Thesourceregionusedforthiscomposite spectrumwaslarger
than that used for the individual detected sources (and  included counts not
detectedassources)resultinginhighernetcounts.Wef it thisspectrumusinga
MEKA-L model with instrumental and interstellar absorp tion. The fit was
acceptablewith 2=22for22degreesoffreedom(Figure5).Thebest-fi tplasma
temperature iskT=0.13±0.05keVwithaneutralhyd rogencolumndensityof
NH=4.4(+1.0,-1.2)x10 21cm -2.Theelementalabundanceintheplasmahasa
1-   lower limit 0.04 of the standard cosmicabundance,whi le theupper limit is
notinterestinglyconstrained.Theobservedintensitybe tween0.4-2.0keVis1.2x
10-14ergscm -2s -1.Table2liststhespectralresults.
TheH    contoursshown inFigures2and3wereobtainedwithH STabout7
years before the Chandra observations. The proper moti ons of the brightest
knots are expected to be ~0.07” and 0.25” southwest based  upon the
measurements of HRR98. This would result in a negligib le adjustment of the
overlaysshown.Thepropermotionoftheseradioknotsh asnotbeenmeasured
buttheknotsinthecentralsourceareseentomoveasm uchas0.16”y -1(Martí,
Rodríguez,andReipurth1995), so the~12-y gapbetw een the radioandX-ray
observationscouldexplainthe~1”offsetstothenorth eastofthesourcesMRR7
and8.

3.3HardSourcenearHH80
CXOPTMJ181905.4-205202(HARD)isanewlydiscoveredX-r aysourcewith
nocounterpartatotherwavelengths,showninFig.2. Itisdistinguishedfromthe
 6
HHX-rayssourcesnearbyintwoways.First,asindicatedi nFigure4,itappears
to be a point source, similar to that seen in SS 365. Second, its spectrum is
harder, fitequallywellwithahigh temperature th ermalspectrumorapowerlaw
spectrum with photon index of ~1 (Figure 6, Table 2).   There is no significant
temporalvariabilityinthe30countsarisingfromth issource.

3.4TheCentralRegion
TheX-raysourcenearIRAS18162-2048=MRR14, issitu atedontheedge
oftheS3chip~5’off-axis.ThePSFis,asexpected,con siderablymoreextended
andasymmetric than thatof theon-axis sourcesand thep ositional accuracy is
degradedto>1”.Furthermorewecannotdeterminewhe thertheX-raysource is
resolved.Figure7showsthe2MASSK s imageofGGD27thatcontainsMRR14
andanumberofotherwell-studiedradioandIRsource s.Wesuperimposedthe
ACISsourceswith0.1-,0.2-,and0.5-countscontour lev els(background is0.04
counts), the MRR93 VLA sources, and some of the IR sources described by
Stecklum et al. (1997). The X-ray contours show a ~5” n orthwest-southeast
elongation due to the shape of the off-axis PSF convol ved with any intrinsic
extent. CXOPTM J181912.4-204733 is centered about 4” southeast of the
VLA/IR source position. This source falls upon a blank fi eld in optical, IR, and
radio. See Table 2 for the spectral parameters.  There is no evidence for
variability.
X-rayemissionappearstoextend,atalowlevel,tot hewesternsideofMRR
14. In this “western lobe”of theemission thereare2 known IRsources, IRS8
and 9. Indeed, as discussed below, the source detection a lgorithm found a
sourceatthepositionofIRS8.Thenumberofcountsin thissourceis~8.Thisis
far below the~35 counts thatwe find by summing the net counts in a 10” box
centeredonthislobe.Alookatthespectrumoftheseco untsshowsthattheyare
neither < 2 keV like the HH spectra, nor strongly absorb ed like CXOPTM
J181912.4-204733,totheeast.Amoresensitiveobservat ion isrequiredbothto
determinewhetherthereisextendedemissionhereand tomeasureitsspectrum.
TheX-raysource,CXOPTMJ181911.7-204727,iswithin1” ofthesourceHL
18(Hartigan&Lada1985,hereafterHL85)= IRS8 ( Stecklumetal.1997),and
maybe identifiedwith it. ThesourceCXOPTMJ181912. 0-204703 is located in
thewest wing of the “wishbone” in Figure 7, without any counterparts at other
wavelengths.Itisdetectedinthehardbandonly.
TwootherACISsourcesarecoincidentto<1”and<3”wi ththeVLApositions
ofMRR12=HL41=IRS4(Yamashitaetal.1987)an dMRR32=GGD28B=
HL 8, respectively. The first of these, CXOPTM J181910 .4-204657, shown in
Figure7, iscoincidentwithMRR12.Thesecond,CXOPTM J181921.8-204535,
is locatedfurthereastandnorth,ontheedgeofchip S4.Figure8showstheX-
ray sourceandcontoursat 0.04,0.3 counts (background is0 .01counts),MRR
12,andHL8.ThecentroidoftheX-rayemissionisoff setfromtheradioposition
by~2.7”,andis ~1.7”fromoneofthetwo2MASSso urcesthatcomprisetheK s
emissionfromthislocation.However,again,thisobject isfurtheroff-axisthanthe
objectsonCCD7.Therefore thePSFfor thisemission is evenmoreextended,
asshownby thecontours,and thepositional resolution isworse.Thesource is
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likelytobeassociatedwiththeradioposition.Thespect raoftheseX-raysources
are described in Table 2. Both fit thermal models that  are hotter than the HH
objects.Theirlightcurvesshownoevidenceforvariabil ity.

3.5HH80North
 HH80NorthwaslocatedontheS4chip.Thischiphasfa rlowersensitivity
toX-rays<1keVunderthebestcircumstances,andinaddi tionlosessensitivity
due to the instrumentalcontamination thatcausesstreaki ng.Therewasaslight
excess ofACIS counts at the position ofHH80North: ab out 1 countwithin 3”
radiusand5countswithina5”radiuscomparedwithal argenearbysourcefree-
region.WeestimatetheupperlimittoX-rayemission fromHH80Northtobe,~2
x10 -15ergscm -2sec -1,bycomparingthis“excess”countwiththecountratesand
fluxes of detected sources onS4. This is ~6 times smaller  than the combined,
observedintensityofthesouthernHHobjects(seeTable 2).


3.6OtherSources
Figure9showstheJHKcolor-colordiagramfor the ident ifiedsources in this
region. The interesting sources discussed in the text are l abeled. SS 365 =
CXOPTMJ181901.8-205242showsnoevidenceforvariabil ityandfitsathermal
spectrumwithparametersshowninTable2.Itandother reddenedstarssuchas
CXOPTM J181911.7-204727 (IRS8) and J181906.0-205115 ( H   near HH 81)
appear in thesameJHKcolor regionasclassicalTTaurist ars (Lada&Adams
1992).This isdiscordantwith its “weakH   ”classification.CXOPTMJ181906.2-
204232isabrightdiscovery,within0.4”oftheUSNO B1star0692-0595725with
B=19.3, V= 15.48 (USNO A2 has 18.3, 15.6). It is also 2MASS 181 90626-
2042320. This is the only source that shows strong evidence of temporal
variability(Figure10)witheitheraflareorapa rtialcycleofperiodicbehavior.Its
IRcolorsshowittobequitered(“Variable”inFigur e9).Baseduponitscolorand
X-rayluminosity,2.5x10 31ergss -1assumingitisat1.7Kpc,thisisaPMSstar,
e.g.aHerbigAe/Be,ratherthananX-raybinary.
The“bluest”sourceinthediagramisCXOPTMJ181907.1- 205349.Itmaybe
aforegroundobjectasitsharesthecolorsofamainseq uenceGstar.If itwere
atthedistanceofHH80/81itwouldhaveanX-raylu minosityof~2.5x10 29ergs
s-1.


4. Discussion
4.1X-rayemissionfromHHObjects
With thediscoveryofX-rayemission fromHH80/81 it i s nowclear that the
proto-stellaroutflowsareanewclassofX-raysources,at  least, those identified
withthemostenergeticHHobjects.Thismodest-length(3 7.3ks) Chandra/ACIS
observationwith its~1”spatial resolution, revealsX-r aysassociatedwithall the
brightestopticalemission linesof theHH80/81comple x(seeFigures2&3).A
more sensitive observation, we predict, would show an ext ension of the X-ray
emissionovertheentiretyoftheH   regions.
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TheX-rayemissionfromHH80/81islargerthanthatp redictedfromasimple
extrapolationofHH2H.With theHH80/81 luminositi es in theopticaland radio
higherby~10andthedistancetoHH80/81largerby ~3.5,weexpectedroughly
equalX-rayintensities.Instead,theunabsorbedintensi tyfromHH80/81is ~2.6
x 10 -13 ergs cm -2 s -1, or ~60 times larger than HH 2 (0.36-2 keV). This is n ot
attributable tohighershockvelocitiesofHH80/81pushi ng theX-rays tohigher
temperaturesor luminosities, since theobserved temperat ure inHH80/81,T=
(1.5±0.6)x10 6K,isconsistentwiththatofHH2H.
This last point is somewhat surprising. The temperature i mplies a shock
velocityofv s ~(T/15) ½=  320kms -1 (Raga,Noriega-Crespo,&Velázquez2002,
hereafter RNV02)
.
 This velocity is considerably lower than the propermoti ons
measured in the radio along the jet, 600-1400 km s -1 (Mart   , Rodr   guez, &
Reipurth 1995), or of the bowshock velocities, 650±50 km  s -1 (HH 80A) and
700±50kms -1(HH81A)inferredfromanexaminationoftheoptica lemissionline
profiles.At~arcsecresolutiontheradiocontinuum,opti calemissionlines,andX-
raysareco-located.Howdo thesedifferentemissioncomp onentsfit together in
theknots?
HRR98usespatially-andspectrally-resolvedHSTobserv ationsoftheoptical
line emissions’ faint high-velocity tails to infer the l arger shock velocities. From
this,andthemeasuredH   surfacebrightnesstheyderivedensitiesof~400cm -3
andcoolingdistanceslargerthanthesizeoftheknots. However,theynotethatif
the fainthigh-velocity tailsareexcluded, then them aximumvelocitiesare~250
km s -1. Since the X-ray results show no evidence of significant  gaswith these
highershockvelocities,itappearsthatthefainttaile missionshouldbeexcluded
inthefirstorderinferenceofthephysicalproperties. UsingtheX-raydetermined
velocityof320kms -1,thentheopticalgasdensityis~1000cm -3andthecooling
distance, ~4 x 10 15 cm, is less than the size of the knots, making them full y
radiative(e.g.Raga&Böhm1986).
MRR93questionwhether the radio emission can be optical ly thin basedon
theirmeasured spectral index,  = –0.3  0.1, and suggest that a synchrotron
componentispresentinadditiontothe =–0.1opticallythinfree-freeemission
(Rodr  guezetal.1993).(Itisinterestingtonotethatt hebrightestandonlyX-ray-
detected knot in HH 2, HH 2H = VLA 10--Rodr   guez et al. 2000--also has a
slightlymorenegative index,  =–0.2  0.1, than theothernearbyknots.)The
optically thinmodel ofGavamian&Hartigan (1998) f or free-free radiation from
shockswithv s ~320kms -1canexplaintheobservedradioemissionfromHH80
and 81 with preshock densities  10 3 cm -3, where the viewing angle is not
constrainedbythespectral index.Thustheopticalandr adioemissioncanarise
fromshockswithsimilardensities.
If we apply the analysis of RNV02 to the X-ray emission , we find X-ray
densitiesof~40cm -3and~80cm -3forHH80and81,respectively.Theradiative
and non-radiative solutions give similar answers, as the cooling distances are
now comparable to the knot sizes. The inferred X-ray de nsities for free-free
emissionare~10timeslessthantheopticalandradio,i mplyingperhapssmaller
X-ray fill factors. Tables 3 and 4 show a compilation ofmeasured and derived
physicalparametersforHH80/81.
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RNV02model theX-rayemission fromHH80/81usingphy sicalparameters
deduced from the optical observations.As shownabove, theseare not entirely
consistentwith the physical parameters derived from the X-raymeasurements.
They assume NH = 3.0 x 10 21 cm -2 based upon the HRR98 extinction
measurement, Av  = 2.33.  If we use the empirical relationship (e.g.G orenstein
1975) between column density and extinction, Av  =4.5 x 10 -22 NH, we obtain a
larger NH  = 5.2 x 10 21 cm -2, consistent with the X-ray measurement from the
average spectrum, 4.4 (+1.0,-1.2) x 10 21 cm -2 (Table 2). RNV02 present two
estimatesfortheintensityofHH81basedupon“consider [ing]theextinctionat1
keV [or] at0.5 keV…,”or twodifferent levelsof extin ction.Their estimatesare:
7.5 x 10 -15 and 2.5 x 10 -12 erg cm -2 s -1. Their lower value is in reasonable
agreementwithourmeasurementof4.7x10 -15ergcm -2s -1.Ifweassumethatall
theabsorptionisinterstellar,thenthefluxatthe sourcebecomes1.3x10 -13ergs
cm-2 sec -1 (0.4-2keV) forHH80and1.2x10 -13 ergscm -2 sec -1 (0.4-2keV) for
HH81.Atadistanceof1.7Kpcthe(unabsorbed)flux esfromHH80and81are
4.5x10 31and4.3x10 31ergss -1, respectively.Bothof theseobjectsarenearly
100 timesmore luminous thanHH2H(Pravdoetal.20 01)orL1551 (Favataet
al.2002)andconfirmthescaledupenergeticsofHH8 0/81atallwavelengths.
Figure11showsaplotofX-ray vs. radioemission for t he fourknownX-ray
HHobjects.Wealsoshowthefunction LX~ LR1.4,thebestfitforthesedata.The
fithasaspectralindexerrorof 0.3andsoismarginallyconsistentwithalinear
relationshiporanindexof1.24thatGüdel(2002)s howsisappropriatefor LX vs.
LRofstars,whereintheenergyarisesfromthemagneticf ields.

4.2HHObjectMorphology
HH 80 and 81 are located 2.5 pc from the putative exci ting source, IRAS
18162-2048. The radio emission knots form highly collima ted linear structures
(20 ratio for the parallel compared with perpendicular  dimension), from the
center toward HH 80/81 and in the opposite direction toward HH 80 North.
MRR93alsosuggestthatthereisaslightlysinusoidalpa thduetoprecessionof
theejectionaxis.
WhyareHH80/81theonlysitesofintenseradio/optica l/X-rayemissionalong
thesouthernpathofthelinearoutflow?Avariation oftheshockedcloudletmodel
(Schwartz 1978) offers the best explanation. In this cas e a jet from the power
source encounters the dense cloudlets. The shocked jet mater ial provides the
high temperatureX-rayemissionwhile theheatedcloud letsprovides theoptical
emission.
An interesting detail of this flow is in the HH 80 com plex. An arc of H  
emissionstartsatHH80AandextendscounterclockwisetoHH 80J,K(HRR98’s
Figure5).Thisstructuremaybeexplainedwith thed iscoveryof thehardX-ray
source,CXOPTMJ181905.4-205202, locatednear the focuso f thisarc (Figure
2).WesuggestthattheX-raysourceisaburiedprotost ellarobject,considerably
lessenergeticthanIRAS18162-2048,butstillpowerful enoughtopushmaterial
outward creating a low-density bubble on the western si de of HH 80. Its
luminosity is~1.2x10 31ergs -1at thedistanceof1.7Kpc(wherethe luminosity
in insensitive in this case to either the thermal or pow erlaw models with or
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withoutabsorption).This isnear theprojectededgeof ahigh-densitymolecular
region(HRR98).Thisputativeproto-starmaydefinet heedgenearHH80.
CXOPTM J181906.0-205115 is a soft X-ray source coincident with H  
emission (Fig. 3). It is most likely a PMS H   -star based upon its positional
coincidence with a USNOB1 and 2MASS source (Table 1, Fi gure 9 “H    near
HH81”).

4.3X-raySourcesNeartheCentralPowerSource
The identity of the source that ejected the outflows a nd created the HH
objectsisofgreatinterest.Aconvergenceofresultsat differentwavelengthsnow
point toward an unseen stellar object in the infrare d,GGD27-ILL (Aspin et al.
1991). It illuminates IRS2, oncebelieved tobe self- luminous (Yamashitaet al.
1989), but now seen to shine with reflected light. Hig h-resolution 8.5-   m
observationsbyStecklumetal.(1997)confirmthatGGD 27-ILListheilluminator
of the northern reflection nebula as well—the largew ishbone-shaped region in
Figure7.GGD27-ILL iscoincident towithin~0.1”wit hthepeakof theresolved
emission from MRR 14, and is consistent with IRAS 18162-2 048 and the
extended2MASSsource18191205-2047319. Is it thepowe rsource for theHH
objects?
ThecentroidofthenearbyX-raysourceissignificantly offset,~4”,fromGGD
27-ILL. The X-rays are unlikely to be related to the objects mentioned above
unless they arise from an extended source that we only view through the
transparent edge of the absorbing cloud. Figure 7 show s that CXOPTM
J181912.4-204733 is located off the edge of the wishbon e nebula. The X-ray
spectrum is unusual comparedwith the other spectra exami ned herein—highly
absorbed by X-ray standards, suggesting that the source is se en through a
significant column density of ambient material, ~2 x 10 23 H atoms cm -2.  This
correspondstoA V ~90mag.TheunderlyingX-rayspectrumhasa tempera ture
of~1x10 7K, typicalofPMSstars(e.g.Feigelsonetal.2002), harderthanthat
ofHHobjects,andsofterthanthatofCXOPTMJ181905.4 -205202(seeabove).
Theunabsorbedluminosityis~2x10 32ergss -1,quitehighforaPMSstar.Inthe
Orion Nebula Cluster, for example, only  1C, an O6 star at  ~10 33 ergs s -1 is
moreluminous.Ifitisanintermediate-massstarwith Lx/Lbol typically<2x10 -4,it
would have Lbol ≥  2.5 x 10 3 L. A high-mass star with Lx/Lbol typically ~ 10 -6
(Feigelsonetal. 2002)wouldhave Lbol  ~5 x 10 5 L .TheX-ray sourcemaybe
revealing a massive star that contributes significantly to  the energetics of the
region.Inkeepingwiththisstellarsourceexplanation ,wewouldalsoexplainthe
weaker emission from the “western lobe” as arising from individual PMS/proto-
starssuchasIRS8.
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Analternateexplanation for theX-rayemissionnearM RR14 is thatweare
seeing X-rays from a shock near the outflow source, simila r to a possibility
presentedbyBallyetal.(2003).TheysuggestthatX- rayscoincidewiththebase
oftheHH154jet.ThecentralsourceinMRR14isknow ntocontainfastmoving
jets(Marti,Rodr guez,&Reipurth1998).WemayviewtheirX-rayspre ferentially
intheeasternlobewheretheabsorptionisrelativel ylower.
Twoother noteworthy sources areCXOPTMJ181911.7-20472 7=HL 18=
IRS 8, and CXOPTM J181912.0-204703 that appears in li ne with the western
branchofthewishbonenebula.Stecklumetal.(1997)d escribeIRS8aseithera
B-type star with AV~9 mag or a cooler, foreground star. The soft band X-r ay
detection favors the later choice while the fact that IRS 8 is the extreme red
objectinFigure9favorstheformer.TheotherX-ray sourceisahardsourcebut
therearenotenoughcounts in thespectrumtodetermin ewhether it isahighly
absorbedspectrumoranintrinsicallyhardspectrum.

4.4X-raySourcesAssociatedwithTwoOtherVLASou rces
GGD 27 and GGD 28 were originally suggested as HH objec ts
(Gyulgudaghian, Glushkov, & Denisyuk 1978) but are not , as they have no
nebular H    emission (HL85). CXOPTM J181910.4-204657 is coincident ( <1”)
withtheGGD27objectHL41=MRR12=IRS4.Iti snotanH   source(HL85),
and is self-luminous (Yamashita et al 1987). The positi on of CXOPTM
J181921.8-204535 is consistentwith that ofHL 8 =GGD2 8B =MRR32. It is
also not anH    source. Based upon their optical observations, HL85 call  HL 8
“simplya reddenedstar,”but thefindingsatotherwa velengths(seebelow)add
complexity. (The only H    source in the region is HL 11. It is situated on the
extreme edge ofCCD7. Therewere no obviousX-rays a t its position, but the
sensitivitywaslowduetovignetting.)
ThetwoX-raysourcesaresimilarinthattheyareassoci atedwithoptical
nebulosity, IR emission, and continuum radio sources. Thei r X-ray spectra are
typical of the ~10 7 K spectra of PMS stars (Table 2) and do not have the soft
componentcharacteristicofHHobjects.HL41at (0.52-1. 8)x10 31 ergss -1 and
HL8at (4.6-5.0) x 10 31 ergs s -1 arehighX-ray-luminosityPMSstarsassuming
theyareat 1.7Kpc.Their continuum radioemissionsare alsohigh forPMSor
protostars. HL 8 would appear at the high end of both  axis and HL 41 would
appearofftheradioscaleoftherelationshipbetwee nquiescent LX and LR forall
theclassesofstarsdiscussedbyGüdel(2002,seehisFigure 6).Theratios LX/LR
for HL 41 and 8 are 3.0 x 10 12 and 7.2 x 10 13 Hz, respectively, less than the
empirically determined ratio of 10 14-16 Hz shown byGüdel for awide variety of
stars.
OnlythestrongestX-rayandradioevents,forexample s,thegiantflaresof
V773Tau(Tsuboietal.1998)andGMR-A(Bowereta l.2003),havelargerX-ray
andradioluminosities.Thereis,however,noevidence thateithertheradioorX-
ray detections ofHL 41 or 8were during flares. There forewe are left with the
interesting result of two apparently quiescent sources tha t are luminous X-ray
andradiosources.MRR12(HL41)hasarelativelynegat ivespectralindex,-0.8
±0.2,whichmaybeindicativeofanon-thermalorigi n.Notefinally,thattheJHK
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colorsofHL41(Figure9)donotsignificantlydistingu ishitfromtheothersources
inthefield.

5. Conclusions
We report the detection of HH 80 and 81, the bright est X-ray Herbig-Haro
objects.Withintheseobjects,thereisastrongcorresponde nceatthe ≤1700AU
scale between regions of strong X-ray and H    emission. The luminosities and
temperaturesrevealedintheX-rayspectrophotometryr einforcethemodelofthe
large-scalereleaseofenergyintheformationofthe HH80/81complex,although
there are no significant X-rays detected at the tempera ture implied by the faint
wings of the optical emission lines. The factor of ~100 higher luminosities
compared with the previously detected HH objects bodes w ell for detection of
otherpowerfulgalacticoutflowsourcesthataresituate dfavorablywithrespectto
X-ray-absorbingmaterial.Apotential relationbetwe enX-rayand radioemission
needsfurtherexploration.
The region of the central power source of HH 80/81 hou ses several X-ray
sourcesincludingaluminousblank-fieldsourcenearthepu tativeIR-radiopower
source.IstheX-rayemissionasuperpositionofstellar sourcesorisitaglimpse
ofextendedemissionnearthebaseofthecentral jet ?Theregionasawhole is
clearly an area of star formation based upon the large  number of bright X-ray
sourcesdetected.
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Table1:X-raySources(seeend)
Table2:SpectralParametersofSelectedX-raySour cesintheHH80/81
Field
CXOPTM
Source
Net
counts
kT(keV) NH (10 22cm -
2)
Abund.
(cosmic)
I(<2keV)
10-15erg
cm-2s -1
I(>2keV)
10-14erg
cm-2s -1
HH80/81
composite 184 0.13±0.05
0.44(+0.10,-
0.12) >0.04 12 -
J181905.4-
205202(HARD) 30 >2.0
1.9(+4.1,-
1.3) 1(fixed) 0.93 2.5
J181910.4-
204657(HL41
=MRR12)
84 1.5(+3.0,-0.8) 1.4(+0.8,-1.1) 1(fixed) 5.4 0.97
J181921.8-
204535
(HL8=MRR
32)
223 >3.0 0.15(+0.45,-0.15 1(fixed) 29 10
J181912.4-
204733
(nearMRR14
centralsource)
88 1.0(8.0,-0.4) 20(±13) 1(fixed) - 4.7
J181906.2-
204232
(0692-0595725
Variable)
266 4.5(+6.5,-1.7) 0.24(+0.17,-0.14) 1(fixed) 19 5.3
J181901.8-
205242
(SS365)
131 0.64(+0.14,-0.16)
0.68(+0.23,
-0.22) 1(fixed) 9.2 0.16

Table3:PhysicalPropertiesofHH80/81knots
  HH80 HH81 Reference
Angularsize(“) a 6 4 1
Linearsize(10 17cm) 1.5 1.0
Volume(10 51cm 3) 1.9 0.56
X-rayTemperature(10 6K) 1.5 1.5
X-rayluminosity(10 31ergss -1) 4.5 4.3
Radioflux(mJy) a 1.14 1.68 1
H   surface brightness (ergs
cm-2s -1arsec -2)b
2.5 2.1 2
References.—(1)Martí,Rodríguez,&Reipurth1993;(2 )Heathcote,Reipurth,&
Raga1998

Table4:ModelPropertiesofHH80/81knots
 HH80 HH81
Shockvelocity(kms -1) 320 320
X-raydensity(cm -3) 44 78
Optical emission preshock
density(cm -3)
1100 1000
Radio emission preshock
density(cm -3)
≤1000 ≤1000
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FIGURECAPTIONS
Figure1.ThefieldintheHH80/81complexobserved withCCDsS3andS4.
Labelsshowtheregionsandsomesourcesdiscussedinthetex t.
Figure2.HH80 imagetakenwithACIS-S3.Thecontou rsarefromthearchived
HST-WF/PC observationwith H-alpha filter taken on 25  August 1995. The red
squaresareVLAsourcesfromMRR93.
Figure3.HH81 imagetakenwithACIS-S3.Thecontou rsarefromthearchived
HST-WF/PC observationwith H-alpha filter taken on 25  August 1995. The red
squaresareVLAsourcesfromMRR93.
Figure4.Encircledenergyvs.distancefromcentroidfor 5sourcesdetectednear
thecenterofACIS-S3.The twoupperplotsareX-ra ys fromsourcesassociated
withstars;whilethethreelowerplotsarefromX-ray sourcesassociatedwithHH
knots.Theloweraxisisunitsofpixels. 
Figure5.ThisshowsthecompositeX-rayspectrumforHH8 0/81.
Figure6.CXOPTMJ181905.4-205202,hard-spectrum,blan k-fieldX-ray source
nearHH80.
Figure7.TheregionofGGD27andIRS18162-2048i sshownwiththe2MASS
Ks  image.Thisareawas5’off-axisonACISS3resulting intheelongationofthe
X-raysourcesshownasgreencontourswithsymbolsfortheir centroids.Squares
show the location of the VLA sources (MRR93) and larger  circles show the
locationsofIRsources(Stecklumetal.1997).
Figure 8. The region of GGD 28B is shown with the 2MA SS K s image.  The
positionsofHL8(blacksquare,Hartigan&Lada1985), theVLAsourceMRR32
(red square, MRR93), and X-ray source centroid (circle) an d contours, are
marked.

Figure 9. The J-H vs. H-K diagram for the X-ray sources detected in the HH
80/81 complex with Chandra. The open symbols are the sources further
discussedinthetext.
Figure 10. The light curve, in 5000 s bins, of CXOPTM J181906.2-204232
(“variable” in the text) =USNOB10692-0595725.Th eX-axisminor tickmarks
are2000swithtimemeasuredfromthe Chandra launch.

Figure11.ThisshowstherelationshipbetweenX-ray andradioflux for thefour
knownHHobjectswithsuchmeasurements.(HH2HfromPrav doetal.2001,L
1551fromFavataetal.2002,andHH80and81from thispaper).Thefunction
LX~LR1.4isplotted(solidline).
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Table1:X-raySources

 CXOPTMName  RA(2000)  Dec.(2000) Sigma sc/ks hc/ks  USNO/2MASS Sep(")  B R I J H K Note
1
J181848.9-
205223 274.7040 -20.8733 6.2 0.38  0691-0603213 0.84 20.62 18.33  16.68   
2
J181849.1-
205137 274.7049 -20.8603  3.7 0.22         
3
J181849.4-
204125 274.7058 -20.6905  5.9 1.31 f        
4
J181849.4-
203947 274.7059 -20.6631  3.9 0.74 f        
5
J181849.7-
205007 274.7075 -20.8353  18.7 1.38 0.12 0691-0603248 0.83 17.58 14.59  14.22 13.50 12.57 11.90
6
J181851.5-
203735 274.7149 -20.6264 5.1 1.04 f        
7
J181852.1-
205314 274.7172 -20.8873  4.8 0.25 0.10 0691-0603316 0.40 18.22 15.94  14.29 14.87 14.33 14.21
8
J181852.3-
204453 274.7183 -20.7483 4.8 0.53 f        
9
J181853.1-
205233 274.7215 -20.8761  2.9 0.15  0691-0603342 0.55 18.92 16.43  15.82 14.16 13.54 13.29
10
J181853.2-
205114 274.7218 -20.8540 6.6 0.38
18185322-
2051145 0.16    15.58 14.8 14.42
11
J181853.3-
205028 274.7221 -20.8413  9.4 0.55         
12
J181853.7-
204833 274.7241 -20.8094  5.5 0.38  0691-0603365 1.25 20.49  16.66 15.23 14.54 14. 19
13
J181854.0-
204417 274.7254 -20.7381 5.0 0.68 f        
14
J181854.2-
205313 274.7259 -20.8871  7.7  0.42        
15
J181854.7-
205209 274.7281 -20.8693 11.7 0.65 0.18 0691-0603398 1.06 19.10 15.27  13.98   
16
J181855.1-
204658 274.7299 -20.7830  3.5 0.31         
17
J181855.6-
205038 274.7317 -20.8442 7.9 0.44  0691-0603428 0.83 20.08 15.05   15.06 13.97 13.34
18
J181855.6-
205155 274.7317 -20.8653  6.2 0.31 0.15 0691-0603433 0.47 19.99 17.61  17.49 14.45 13.5 13.15
19
J181855.8-
205340 274.7328 -20.8945  46.5 2.82 0.24 0691-0603441 0.54 15.63 13.81  13.81 12.75 12.39 12.22
20
J181856.1-
205235 274.7339 -20.8765  6.6  0.36        
21
J181856.3-
205119 274.7349 -20.8553  7.2 0.39 0.13 0691-0603456 0.64  18.00  17.78 15.26 14.3 13.86
22
J181857.1-
204603 274.7382 -20.7676 12.4 1.31  0692-0595582 0.72 18.63 15.96  15.62 14.14 13.48 13.21
23
J181857.5-
205037 274.7396 -20.8436  3.9 0.21  0691-0603483 0.71  16.65  16.44 14.62 13.8 13.55
24
J181857.5-
204802 274.7398 -20.8007 25.8 1.35 1.82        
25
J181857.7-
204713 274.7407 -20.7872  44.2 3.94 1.39 0692-0595587 0.83 19.99 18.20  17.50 14.83 13.75 13.30
26
J181858.1-
205006 274.7421 -20.8350  2.9 0.15  0675-24983619  0.41 19.60 17.30  15.00 13.73 12.74
27
J181859.2-
205230 274.7468 -20.8753  2.8 0.15
18185924-
2052310 0.24    15.41 14.69 14.09
28
J181859.4-
204946 274.7476 -20.8295  10.4 0.62  0691-0603559 0.31 20.31 17.00  16.00 14.76 13.97 13.64
29
J181859.5-
205247 274.7482 -20.8798 3.8  0.21        
30
J181900.7-
205241 274.7529 -20.8782  7.6 0.42  0691-0603595 0.42 19.90 16.65   13.95 12.98 12.60
31
J181901.0-
205202 274.7544 -20.8674 3.4  0.18       
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CXOPTMName  RA(2000)  Dec.(2000) Sigma sc/ks hc/ks  USNO/2MASS Sep(")  B R I J H K Note
32
J181901.8-
205242 274.7575 -20.8784  56.3 3.43 0.34 0691-0603623 0.36 12.46 11.85  11.11 11.22 10.57 9.84 SS365
33
J181903.0-
204254 274.7626 -20.7152  8.6 1.33 f        
34
J181903.1-
204700 274.7631 -20.7836 2.7 0.18  0692-0595672 0.62  17.93  17.81 15.44 13.8 13.4
35
J181903.8-
204507 274.7660 -20.7520  6.3 0.62 f 0692-0595682 0.50 19.85 18.29  16.88 14.85 13.56 12.91
36
J181903.8-
204420 274.7661 -20.7391 2.9 0.25 f        
37
J181904.3-
205211 274.7680 -20.8698  20.1 1.14  0691-0603673 0.27 18.80 15.85  15.75 14.52 13.77 13.54
38
J181904.5-
205035 274.7688 -20.8433 6.4 0.34
18190451-
2050358 0.04    16.22 14.70 14.49
39
J181905.4-
205202 274.7728 -20.8674  13.9 0.31 0.71         HARD
40
J181905.4-
204455 274.7729 -20.7487  16.8 2.16 f 0692-0595712 0.72 15.44 13.63  13.54 12.17 11.73 11.63
41
J181905.5-
205211 274.7732 -20.8698 7.9 0.46  0691-0603703 0.68 18.94 16.89      HH80G,H
42
J181905.5-
204745 274.7732 -20.7959  2.8  0.19        
43
J181905.8-
204717 274.7744 -20.7881 4.2 0.31         
44
J181905.9-
204346 274.7747 -20.7295  6.3 0.86 f        
45
J181906.0-
205150 274.7752 -20.8641 19.8 1.23  0691-0603724 0.71 16.68 14.10  17.46    HH80A
46
J181906.0-
205115 274.7753 -20.8544  7.9 0.44  0691-0603726 0.51 18.98 16.01  16.08 15.13 14.46 13.76
HH81
knot?
47
J181906.1-
205011 274.7757 -20.8366  9.6  0.53        
48
J181906.1-
205338 274.7757 -20.8940  14.9 0.37 0.74        
49
J181906.2-
204232 274.7761 -20.7090  30.5 7.26 f 0692-0595725 0.36 19.38 15.48   12.74 12.46 11.40 Variable
50
J181906.2-
204919 274.7762 -20.8221 4.1 0.23  0691-0603730 0.71 19.99 17.55  17.04 14.85 13.76 13.11
51
J181906.5-
205106 274.7774 -20.8519  26.4 1.68          HH81A
52
J181907.0-
205114 274.7794 -20.8540 2.5  0.13        
53
J181907.1-
205349 274.7798 -20.8972  4.3 0.23  0691-0603750 1.41 14.62 13.06  12.84 13.12 12.79 12.71
54
J181907.2-
205138 274.7801 -20.8608  6.6 0.37  0691-0603751 0.03  17.87  17.62 15.33 14.36 13.30
55
J181907.3-
205356 274.7808 -20.8990  10.6 0.58         
56
J181907.6-
204809 274.7819 -20.8027  34.1 2.63 0.25 0691-0603761 0.31 19.10 15.75  15.26 13.30 12.52 12.13
57
J181908.4-
204039 274.7854 -20.6777 3.9 0.84 f        
58
J181908.8-
205151 274.7867 -20.8644  10.3  0.56        
59
J181909.1-
204716 274.7883 -20.7879 4.3 0.31         
60
J181909.6-
204832 274.7902 -20.8089  2.8 0.17
18190968-
2048329 1.05    16.68 15.47 15.36
61
J181909.8-
204431 274.7909 -20.7420 4.4 0.44 f        
62
J181910.4-
204657 274.7937 -20.7828  16.3 1.45 0.70 0692-0595779 0.81 12.61 11.74  10.54 11.21 10.50 10.02 MRR12
63
J181910.8-
204748 274.7951 -20.7968  12.5 1.05
18191078-
2047481 0.59    14.97 13.84 12.85
64
J181910.9-
204823 274.7955 -20.8065 2.0  0.12        
 30

CXOPTMName  RA(2000)  Dec.(2000) Sigma sc/ks hc/ks  USNO/2MASS Sep(")  B R I J H K Note
65
J181911.2-
204631 274.7970 -20.7755  2.9  0.22        
66
J181911.7-
204727 274.7990 -20.7909  3.0 0.21
18191175-
2047264 0.77    13.95 12.47 11.08 IRS8
67
J181911.7-
204803 274.7991 -20.8010 3.3 0.24          HL31?
68
J181911.8-
204740 274.7994 -20.7946  3.6  0.26
18191184-
2047406 0.14    15.9 14.1 11.12
69
J181912.0-
204703 274.8001 -20.7842 13.6  1.33        
70
J181912.0-
205330 274.8001 -20.8919  4.9 0.26  0691-0603827 1.26 15.86 14.72  13.80 13.38 12.69 12.34
71
J181912.4-
204445 274.8018 -20.7460 9.6 1.07 f        
72
J181912.4-
204733 274.8018 -20.7927  21.7  2.30       
3.8"MRR
14
73
J181912.9-
205253 274.8039 -20.8816  2.5 0.13         
74
J181913.2-
204436 274.8052 -20.7436 6.0 0.58 f 0675-25004667  1.27 19.50 17.60  14.42 13.80 13.43
75
J181913.4-
205116 274.8061 -20.8546  9.6 0.55
18191348-
2051166 0.33    15.40 13.94 12.96
76
J181913.6-
204750 274.8069 -20.7974 4.9 0.33 0.13
18191364-
2047505 0.21    14.78 13.09 12.06
77
J181913.6-
204751 274.8071 -20.7975  4.4 0.23
18191364-
2047505 0.98    14.78 13.09 12.06
78
J181913.9-
205331 274.8081 -20.8922 4.3  0.26 0691-0603839 1.10 21.43 17.49  18.17 15.69 14.93 14.07
79
J181914.0-
205227 274.8084 -20.8744  4.8  0.23        
80
J181914.3-
204947 274.8098 -20.8298  4.2  0.52        
81
J181914.9-
204714 274.8121 -20.7875  6.4 0.24
18191483-
2047144 1.10    17.75 16 14.74
82
J181915.0-
204908 274.8125 -20.8189  4.0 0.13 0.21        
83
J181916.7-
205025 274.8197 -20.8404 3.3 0.18
18191668-
2050247 0.90    15.77 14.1 13.5
84
J181918.7-
205205 274.8283 -20.8683  5.8 0.21 0.23        
85
J181919.5-
205220 274.8316 -20.8725 2.7 0.15         
86
J181920.1-
203951 274.8339 -20.6642  10.6 2.88 f        
87
J181920.4-
205131 274.8351 -20.8588  31.7 2.08 0.15 0691-0603896 0.95 19.76 15.89  15.45 13.32 12.50 12.18
88
J181920.7-
204633 274.8365 -20.7761  3.1  0.23        
89
J181920.9-
204609 274.8374 -20.7694  20.1 2.35 0.76 0692-0595859 0.42 20.41 16.43  15.89 13.08 11.92 11.08
90
J181921.2-
205054 274.8386 -20.8485 2.6  0.15        
91
J181921.8-
204535 274.8412 -20.7598  46.0 6.57 f
Confusedin
2MASS      
2.7"MRR
32
92
J181922.8-
204645 274.8452 -20.7792 6.0 0.48
18192276-
2046451 1.15    14.97 14 13.5
93
J181923.3-
204147 274.8474 -20.6966  2.8 0.30 f
18192336-
2041477 0.20    15.52 14.85 14.03
94
J181923.4-
205210 274.8479 -20.8694 2.0 0.07 0.08 0691-0603921 0.19 20.69 17.69  18.46 15.71 14.49 14.06


